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er or not the sample liquid is introduced therein. The lig-
uid introduction controller includes, for example, one or
more through-holes (51-53) each communicating with
e.g. the individual passages (61-63). Theliquid introduc-
tion controlter preferably selects for each of the individ-
ual passages (61-63) whether or not the sample liquid
is introduced therein, by a selection whether or not the
corresponding one of the through-holes (61-63) is
opened or closed.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a technology for analyzing a specific component in a sample liquid. The
present invention is applicable to a technology for measuring blood glucose levels for example.

BACKGROUND ART

[0002] As a common method of measuring blood glucose levels, an oxidation-reduction reaction is used. On the
other hand, for handy measurement of the blood glucose levels at home and elsewhere, palm-size, portable blood
glucose measuring devices are used widely. These handy-type blood glucose measuring devices make use of a dis-
posable biosensor which also serves as an enzyme reaction field. The blood glucose level measurement is made by
supplying the blood to the biosensor.

[0003] Sensitivity of the individual biosensors can vary from one biosensor to another. The variation can be a result
of difference in row materials, design changes in production lines and so on, Especially, when starting up the production
line, due to needs for optimizing various conditions in the production line and selecting suitable materials, sensitivity
variations among the produced sensors tend to be large. Further, when there are plural manufacturing plants or plural
production lines of the biosensors, sensitivity variation among the plants or production lines can result. in preparation

for these sensitivity variations, some blood glucose measuring devices incorporate a plurality of calibration curves. In

addition, if the tester is capable of not only measuring the blood glucose level but also other values such as cholesterol
level, aplurality of calibration curves must be prepared so that each kind of the components can be measured. In these
cases, arrangements must be made so that the measuring device can recognize the sensitivity of each biosensor as
well as information necessary for relating the calibration curve with the target component so that appropriate one of
the calibration curves will be selected for a given measurement.

[0004] A first example for such selection of the calibration curve is that each of the plural calibration curves is given
an identification code. The biosensor ID code will then be printed on boxes or instruction sheets of the biosensors. In
this arrangement, the blood glucose measuring device incorporates a calibration curve selection program for example,
which selects an appropriate calibration curve when the user makes an input to the blood glucose measuring device
using buttons.

[0005] A second example for the selection of the calibration curve is that each box of the biosensors will include an
adjustment chip which can supply calibration curve information on the biosensors packed in the box. In'this case, the
user inserts the adjustment chip into the blood glucose measuring device just the same way as he uses the biosensor.
Then, the blood glucose measuring device will automatically select an appropriate calibration curve.

[0006] A third example for the selection of the calibration curve is disclosed in the Japanese Patent Laid-Open No.
10-332626. According to the invention disclosed in the gazette, the biosensor is provided with production-lot identifying
electrodes separately from concentration level measuring electrodes, and the biosensor outputs signals corresponding
to the locations of the production-lot identifying electrodes. The blood glucose measuring device on the other hand
has a plurality of determining terminals comresponding to the production-lot identifying electrodes. The blood glucose
measuring device uses these determining terminals to pick up the signals corresponding to the locations of the pro-
duction-lot identifying electrodes, so that the blood glucose measuring device can choose an appropriate calibration
curve based on the signals obtained from the biosensor.

[0007] However, if the calibration curve selection is relied upon the button operation or the chip insertion to be per-
formed by the user, the user has to do the additional burden of selecting the calibration curve, and even worse is a
possibility that the user forgets the operation to select an appropriate curve. If the user forgets the selection of the
calibration curve, itbecomes impossible to perform blood glucose level measurement truly adjusted for the sensitivity
variation of the sensor, etc. Therefore, itis nota good option to depend upon the userin the selection of calibration curve.
[0008] Use of the adjustment chip requires a production line for the chips separately from those for the biosensors,
which would lead to disadvantages in terms of manufacturing cost.

[0009] Use of the production-lot identifying electrodes poses a challenge that the sensitivity of the biosensor must
be forecasted and the calibration curve information must be inputted into the biosensor at an early stage of the pro-
duction. If a large discrepancy is found between the actual sensor sensitivity and the forecast sensitivity, the produced
biosensors cannot be distributed through the market, resulting in decreased yield. Thus, there is potential disadvantage
in terms of the manufacturing cost.

DISCLOSURE OF THE INVENTION

[0010] The present invention was made for a case of analyzing a specimen fluid with an analyzing device capable
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of selecting a calibration curve, and it is an object of the present invention to provide a cost advantageous method of
manufacturing the blood glucose measuring device, as well as making possible to select a calibration curve suitable
to the blood glucose measuring device without burden placed onto the user.

[0011]  An analyzing instrument provided by a first aspect of the present invention includes: a capillary for a sample
liquid to move through and stay; a sample liquid inlet for introduction of the sample liquid into the capillary; anda liquid
introduction controller for a controlledpattern of the introduction of sample liquid into the capillary.

{0012] The analyzing instrument according to the present invention further includes: a common passage in the cap-
illary; and a plurality of individual passages in the capillary connecting to the common passage. In this arrangement,
the liquid introduction controller selects for each of the individual passages whether or not the sample liquid is introduced
therein.

[0013] The liquid introduction controller includes, for example, one or more through-holes. When the liquid introduc-
tion controller includes a plurality of through-holes, preferably, each through-hole communicates with a corresponding
one of the individual passages. In this arrangement, the liquid introduction controller selects for each of the individual
passages whether or not the sample liquid is introduced therein, by a selection whether or not the comesponding
through-hole is opened or closed.

[0014] The analyzing instrument according to the present invention further includes a plurality of detecting electrodes
each corresponding to one of the individual passages for detection of the introduction of sample liquid into the individuat
passage. In this arrangement, each through-hole is formed right above the corresponding detecting electrode.
[0015] Alternatively, the liquid introduction controller may selects for each of the individual passages whether or not
the sample liquid is introduced therein, by a selection of a location at which the corresponding through-hole is formed.
In this arrangement, the ‘analyzing instrument further includes a plurality of detecting electrodes each cormresponding
to one of the individual passages for detection of the introduction of sample liquid into the individual passage. Each of
those through-holes corresponding to the individual passage to which the sample liquid is to be introduced is formed
right above the corresponding detecting electrode in order to allow the sample liquid to make contact with the corre-
sponding detecting electrode when the sample liquid is introduced. On the other hand, each of those through-holes
corresponding to the individual passage to which the sample liquid is not to be introduced is formed closer to the sample
liquid inlet than is an end on the sample liquid inlet side of the corresponding detecting electrode.

[0016] In the analyzing instrument according to the present invention, an optical method may be utilized in the de-
tection of the introduction of sample liquid in each of the individual passages.

[0017] In the analyzing instrument according to the present invention, the through-holes are formed in a cover for
example, laminated to a substrate via a spacer. In this arrangement, the capillary is formed by the substrate, the spacer
and the cover. '

[0018] The spacer preferably includes a recess for formation of an inner space of the capillary, and one or more
projections extending toward the sample liquid inlet for formation of the individual passages.

[0019] The liquid introduction controller according to the present invention may altematively include a through-hole.
In this arrangement, the pattern of introduction of the sample liquid is controlled by a selection whether or not the
through-hole is opened or closed.

[0020] The analyzing instrument according to the present invention may further include one or more detecting elec-
trodes each for detection of the introduction of sample liquid at a location in the capillary. In this arrangement, the liquid
introduction controller includes one or more through-holes communicating with the capillary, and the locations in the
capillary to which the sample liquid is to be introduced is selected by a selection of locations at which said one or more
through-holes are formed. The liquid introduction controller may alternatively include one or more detecting efectrodes
each for detection of the introduction of sample liquid at a location in the capillary. In this arrangement, the liquid
introduction controller. includes one or more through-holes communicating with the capillary, and locations in the cap-
illary to which the sample liquid is to be introduced is selected by a selection for each of said one or more through-
holes whether the through-hole is opened or closed.

[0021] A second aspect of the present invention provides an analyzing device to which an analyzing instrument is
attached for analysis of a sample liquid supplied to the analyzing instrument. The analyzing instrument include: a
capillary for a sample liquid to move through and stay; a sample liquid infet for introduction of the sample liquid into
the capillary; and a liquid introduction controller for a controlled pattern of the introduction of sample liquid into the
capillary. The analyzing device includes a detector for detection of the pattern of introduction of the sample liquid in
the capillary.

[0022] The analyzing instrument may further includes: one or more detecting electrodes for measurement of an
electrical physical quantity for detection purpose as necessary information for the detection of the pattern of introduction
of sample liquid in the capillary; and a measuring electrode for measurement of an electrical physical quantity for
analysis purpose as necessary information for calculating a concentration of a target component in the sample liquid.
In this arrangement, preferably, the analyzing device further includes: a measurer for the measurement of the electrical
physical quantity for detection purpose and the electrical physical quantity for analysis purpose; a storage for storage
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of information about a plurality of calibration curves indicating a relationship between the electrical physical quantity
for detection purpose and the concentration level of the target component in sample liquid; a selector for selection of
information about a target calibration curve, from the information about the calibration curves; and an arithmetic proc-
essor for calculation of the concentration level of the target component based on the electrical physical quantity for
analysis purpose and the calibration curve information selected by the selecting means.

[0023] The analyzing instrument may further include: a common passage in the capillary; and a plurality of individual
passages in the capillary connecting to the common passage. In this arrangement, the detector detects for each of the
individual passages whether or not the sample liquid has been introduced therein. On the other hand, each of the
detecting electrodes corresponds to one of the individual passages for measurement by the detector of the electrical
physical quantity for detection purpose as information necessary for detecting whether or not the sample liquid has
been introduced into the individual passage.

[0024] The analyzing device according to the present invention further include aplurality of switches for individual
selection for each of the detecting electrodes whether to be or not to be electrically conducted with the measurer.
[0025]) The detector makes a determination for each of the electrical physical quantities obtained by the measurer
through the detecting electrode whether or not the quantity has exceeded e.g. a threshold value, thereby making a
determination whether or not the sample liquid has been introduced therein for each of the individual passages.
[0026] A third aspect of the present invention provides a method of manufacturing an analyzing instrument including:
a capillary for a sample liquid to move through and stay; a sample liquid inlet for introduction of the sample liquid into
the capillary; and a liquid introduction controlier for a controlled pattern of the introduction of sample liquid into the
capillary. The method includes a step of filling selected ones of the through-holes in accordance with the pattern of
introduction of the sample liquid into the capillary.

[0027] If the analyzing instrument further includes: a sample liquid inlet for intreduction of the sample liquid into the
capillary, a common passage in the capillary; and a plurality of individual passages in the capillary connecting to the
common passage, each of the individual passages communicating with a corresponding one of the through-holes in
the individual passages; then it is preferable that the step of filling the through-holes includes closing of those through-
holes which correspond to those individual passages into which the sample liquid is not to be introduced.

[0028] A fourth aspect of the present invention provides a method of manufacturing an analyzing instrument com-
prising: a capillary for a sample liquid to move through and stay; a sample liquid inlet for introduction of the sample
liquid into the capillary; a common passage in the capillary; a plurality of individual passages located farther away from
the sample liquid inlet than is the common passage and connected to the common passagé; and a plurality of through-
hole for a selection for each of the individual passages whether to introduce or not to introduce the sample liquid there
in. The method includes: a step of forming a first through-hole corresponding to the individual passage into which the
sample liquid is not to be introduced, cioser to an incoming end of said individual passage for communication with said
individual passage; and a step of forming a second through-hole corresponding to the individual passage into which
the sample liquid is to be introduced, farther from an incoming end of said individual passage for communicating with
said individual passage.

[0029] According to a preferred embodiment, the analyzing instrument further includes a plurality of detecting elec-
trodes each corresponding to one of the individual passages for detection of the introduction of the sample liquid into
the individual passage, and the first through-hole is formed closer to the incoming end of the individual passage than
is an end of the corresponding detecting electrode, whereas the second through-hole is formed right above the corre-
sponding detecting electrode. ’

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Fig. 1 is a plan view of a biosensor according to a first embodiment of the present invention, as attached to an
analyzing device, and a block diagram of the analyzing device.
Fig. 2 is an overall perspective view, showing the biosensor in Fig. 1.
Fig. 3 is an exploded perspective view of the biosensor in Fig. 2.
Fig. 4 is a sectional view taken in lines IV-V in Fig. 2.
Fig. 5 is a sectional view taken in lines V-V in Fig. 2.
- Fig. 6 is a flowchart for illustrating a method of measuring a blood glucose level.
Fig. 7 is a flowchart for illustrating a part of the method of measuring a blood glucose level.
Fig. 8 is a plan view of a biosensor according to a second embodiment of the present invention.
Fig. 9 is an exploded perspective view of a biosensor according to a third embodiment of the present invention.
Fig. 10 is an exploded perspective view of a biosensor according to a fourth embodiment of the present invention.
Fig. 11 is a projected pian view of a biosensor according to a fitth embodiment of the present invention.
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Fig. 12A through Fig. 12D are sectional views for describing a function of the biosensor in Fig. 11.

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] First, a first mode of embodiment of the present invention will be described with reference to Figs. 1 through
7. Figs. 1 through 5 are for description of a biosensor and an analyzing device whereas Figs. 6 and 7 are for description
of a method of measuring a blood glucose level with the biosensor and the analyzing device.

[0032] As shownin Fig. 1, an analyzing device 1 is a device for analyzing a specific component in a specimen fluid
by using a biosensor 2. The analyzing device 1 inciudes a switcher 10, a voltage applier 11, an electric current value
measurer 12, a detector 13, a controller 14, a storage 15, a selector 16, an arithmetic processor 17 and a display 18.

[0033] The biosensor 2 is capable of outputting calibration curve information regarding sensitivity of the biosensor
2, and as shown in Fig. 2 through Fig. 5, includes a substrate 3 laminated with a cover 5 via a spacer 4. The biosensor
2 has a capillary 6 formed by the spacer 4 and the cover 5.

[0034] The substrate 3 has an upper surface 30 provided with a first and a second measuring electrodes 31, 32, a
first through a third detecting electrodes 33-35, and a reactor 36.

[0035] The first and the second measuring electrodes 31, 32 measure a value of response current necessary for the

analysis of the specimen fluid. However, the second measuring electrode 32 is also used when measuring a value of -

response current necessary for recognition of the calibration curve information; as described later. }

[0036] The first through the third detecting electrodes 33-35 are used together with the second measuring electrodes
32 when measuring the value of response current necessary for recognition of the calibration curve information.
[0037) The reactor 36 is solid for-example, and bridges between the first and the second measuring electrodes 31,
32. The reactor 36 includes, for example, an oxidation-reduction enzyme and an electron transfer material. The oxi-
dation-reduction enzyme and the electron transfer material are selected in accordance with the kind of target component
or the object of measurement. For example, when the blood glucose level is measured, the oxidation-reduction enzyme
is provided by glucose oxidase or glucose dehydrogenase whereas the electron transfer material is provided by po-
tassium ferricyanide for example.

[0038] The spacer 4 has, as clearly shown in Fig. 3, a cutout 40 and two projections 41. The cutout 40 is opentoa
side and is like comb teeth. The opening in the cutout 40 serves as a sample liquid inlet 42. Each of the projections
41 extends right in front of the first and the second measuring efectrodes 31, 32, giving the cutout 40 the form of comb
teeth. As a result, the capillary 6 includes a common passage 60 formed on the sample liquid inlet side, and a first
through a third individual passages 61-63 connecting to the common passage 60.

[0039] The cover 5 has a first through a third through-holes 51-53. Each of the through-holes 51-53 is positionally
related to a corresponding one of the first through the third individual passages 61-63. Each of the through-holes 51-53
can be fitted with a plug 54 in accordance with the information to be outputted from the biosensor 2. Specifically, by
selecting whether to fit or not fit the plug 54 for each of the through-holes 51-53, a selection is made for each of the
first through the third individual passages 61-63 whether or not communication is made with outside via corresponding
one of the through-holes 51-53. In an example shown in Figs. 2 through 5, the first and the second through-holes 51,
52 are fitted with the plugs 54, and thus the first and the second individual passages 61, 62 do not communicate with
the outside. On the other hand, the third through-hole 53 is not fitted with the plug 54, and thus the third individual
passage 63 communicates with the outside. It should be noted that the plugs 54 must be made of a non gas-permeable
material in order to ensure air- tightness when fitted into the first through the third through-holes 51-53.

[0040] Altematively, the through-holes may be sealed with a sheet material such as an adhesive tape.

[0041) In the biosensor 2, since the capillary 6 communicates with the outside via the sample liquid inlet 42 and the
third through-hole 53, the sample liquid coming through the sample liquid inlet 42, passes through the common passage
60 by capillarity, and then passes through the third individual passage 63. While flowing through the passages, the
sample liquid dissolves the reactor 36, causing for example, an oxidation-reduction enzyme to oxidize a specific com-
ponent in the sample liquidwhile reducing the electron transfer material. On the other hand, since the first and the

second through-holes 51, 52 are fitted with the plugs 54, the sample liquid does not flow into the first and the second |

individual passages 61, 62.

[0042] As described, in the biosensor 2, closing or opening the through-holes 51-53 determines whether or not the
sample liquid will be introduced into the corresponding individual passages 61-63. As shown in Table 1 below, there
are eight possible patterns of the open-close statuses in the first through the third through-holes 51-53. However, since
itis impossible to introduce the sample liquid into the capillary 6 if all of the first through the third through-holes 51-53
are closed, there are seven usable combinations of the open-close statuses in the first through the third through-holes
51-53. With this arrangement, by selecting one of the patterns of the open-close statuses of the first through the third
through-holes 51-53, the biosensor 2 can output a specific kind of target information selected from seven kinds.
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Table 1
Through-hole Open-Close Status Patterns and Corresponding Calibration Curve Numbers
1st Through-hole 2nd Through-hole 3rd Through-hole Calibration Curve No.
Close Close Close NA
Close Close Open 1
Close Open Close 2
Open Close Close 3
Close Open . Open 4
Open Close Open. 5
Open Open Close 6
Open Open . Open 7

[0043] As shown in Table 1, according to the present embodiment, seven kinds of information outputted from the
biosensor 2 are related to seven respective kinds of calibration curve information in order to tune the calculation to the
sensitivity of the biosensor 2. Therefore, by having the analyzing device 1 recognize the target information outputted
from the biosensor 2, the analyzing device 1 is enabled to perform calculation tuned to the sensitivity of the biosensor 2.
[0044] Determination whether the first through the third. through-holes 51-53 are closed or open, and closing oper-
ation of the first through the third through-holes 51-53 are done in manufacturing steps of the biosensor 2.

[0045] The determination whether the first through the third through-holes 51-53 are closed or not is made as follows:
First, random sampling is made for biosensors 2 from a given production lot to see the sensitivity of the biosensor 2.
The sensitivity of the biosensor 2 is determined, for example, by measuring an amount of response from the biosensor
2 to a standard sample liquid of a known level of concentration. Next, selection is made for a calibration curve number
(information) which will give the most accurate analysis under the given sensitivity of the biosensor 2. Next, in order
that the biosensor 2 can output the information representing the calibration curve information, an open-close pattern
of the through-holes which represents the calibration curve information is selected, to determine which of the first
through the third through-holes 51-53 are to be closed. For example, when setting is made for the analyzing device 1
to select a calibration curve corresponding to the calibration curve number 1 in Table 1, determination is made to close
the first and the second through-holes 51, 52 as shown in Fig. 2 through Fig. 5.

[0046] Closing of the first through the third through-holes 51-53 is made by fitting the plug(s) 54 into selected through-
holes 51-53. For example, when selecting a calibration curve comresponding to calibration curve number 1 in Table 1,
the first and the second through-holes 51, 52 are fitted with the plugs 54 to make the status shown in Fig. 2 through Fig. 5.
[0047] The switcher 10 shown in Fig. 1 has a first through a fourth switches 10a-10d. The switches 10a-10d are
collectively connected to the voltage applier 11 and the electric current value measurer 12 but may be turned on or off
by the controller 14 independently from each other. Therefore, by turning on or off each of the switches 10a-10d,

selection can be made whether the first measuring electrode 31 and the first through third detecting electrodes 33-35
are electrically connected to the voltage applier 11 and the electric current value measurer 12.

[0048] The voltage applier 11 applies a voltage between the first measuring electrodes 31 and the second measuring
electrodes 32, as well as between the first through the third detecting electrodes 33-35 and the second measuring
electrode 32. The voltage applier 11 is provided by a DC power source such as anordinary dry battery ora rechargeable
battery.

[0049] The electric current value measurer 12 measures the value of a response current when the voltage is applied
via the voltage applier 11.

[0050] The detector 13 detects whether the sample liquid has been introduced into the capillary 6. Specifically, the
detector 13 detects if the analysis of the sample liquid is ready to begin since the sample liquid has been introduced
into the common passage 60 or if the sample liquid has been introduced into each of the individual passages 61-63.
[0051] The controller 14 turns on and off each of the switches 10a-10d, and controls operation of the elements 11,
13, and 15-18, based on a control program stored in the storage 15.

[0052] The storage 15 stores the control program for execution by the controller 14 and different kinds of calibration
curve information. The calibration curve information sets forth a relationship between the response current-values (or
voltage values obtained through conversion) and the concentration level of a target component. The calibration curve
information is stored in the form of mathematical formula or table. The storage 15 stores a lookup table like the one
shown in Table 1 which indicates a matching relationship between the information outputted from the biosensor 2 and
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the calibration curve information.

[0053) The selector 16 selects appropriate calibration curve information among different kinds of calibration curve
information stored in the storage 15, based on the output from the biosensor 2 and the lookup table stored in the
storage 15.

[0054] The arithmetic processor 17 performs calculation necessary for the analysis of the specific component in the
sample liquid, based on the value of response current measured by the electric current value measurer 12 and the
calibration curve information selected by the selector 16.

[0055] Each of the detector 13, the controller 14, the storage 15, the selector 16 and the arithmetic processor 17 can
be provided by a CPU, a:ROM, a RAM or combination thereof. Further, all of these elements can be provided by a
single CPU connected to a plurality of memories.

[0056] The display 18 displays results of calculations made by the arithmetic processor 17, error messages and so
on. The display 18 is provided by a liquid crystal display for example.

[0057] Hereinafter, description will be made for a method of measuring a blood glucose level by using the biosensor
2 and the analyzing device 1, with reference to Fig. 1 through fig. 5 as well as Fig. 6 and Fig. 7. Note that in the analyzing
device 1, the fourth switch 10d is turned ON and the first through the third switches 10a-10c are turned OFF while the
biosensor 2 is not yet attached.

[0058) When measuring the blood glucose level, first, the biosensor 2 is attached to an analyzing device 1, and the
blood is introduced into the capillary 6 via the sample liquid inlet 42 of the biosensor 2.

[0059] Meanwhile in the analyzing device 1, the controller 14 controls the voltage applier 11 to apply a voltage be-
tween the first and the second measuring electrodes 31, 32 of the biosensor 2 (S1). At this time, the electric current
value measurer 12 measures a value of responding current (S2). The measurements of the responding current value
is made per 0.05-0.2 seconds for example. The detector 13 monitors the responding current values measured at the
electric current value measurer 12, and checks if the responding current value is not smaller than a threshold value (S3).
{0060] When the detector 13 sees that the responding current value is not smaller than the threshold value (S3:
YES), the detector 13 determines that the blood has been introduced into the common passage 60 of the capillary 6.
On the other hand, if the detector 13 sees that the responding current value is smaller than the threshold value (S3:
NO), the detector 13 goes to Step S3 to continue the check. However, if the detector 13 continues to see the responding
current value being smaller than the threshold value after a lapse of a predetermined duration of time (S3: NO), then
the program may go to an error processing routine.

[0061] When the blood is introduced into the capillary 6, the reactor 36 is dissolved to form a liquid-phase reaction
system in the common passage 60. In this liquid-phase reaction system, glucose is oxidized while the electron transfer
material is reduced. The electron transfer material is then oxidized when a DC voltage is applied, and a quantity of
electrons released can be measured as a responding current value.

[0062] When the detector 13 has determined that the responding current value is not smaller than the threshoid
value (S3: YES), then detection is made for the open-close status of the first through the third through -holes 51-53 in
the biosensor 2 (S4).

[0063] The detection of the open-close status in each of the first through the third through-holes 51-53 is made in
the following steps as given by a flowchart in Fig. 7.

[0064] First, the controller 14 tums ON only the first switch 10a (S21), and have the voltage applier 11 apply a constant
voltage between the first detecting electrode 33 and the second measuring electrode 32 (S22). Meanwhile, the detector
13 checks ifthere is electrical conductivity between the first detecting electrode 33 and the second measuring electrodes
32 (S23) based on the measurement result at the electric current value measurer 12.

[0065] When there is electrical conductivity between the first detecting electrode 33 and the second measunng elec-
trodes 32 (S23: YES), the detector 13 determines that the first through-hole 51 is open (S24). On the contrary, if there
is no electrical conductivity between the first detecting electrode 33 and the second measuring electrodes 32 (S23:
NO), then the detector 13 determines that the first through-hole 51 is closed (S25).

[0066] Next, by turning ON the second switch 10b only (S26), the detector 13 checks electrical conductivity between
the second detecting electrode 34 and the second measuring electrodes 32 (S27), to see the open-close status of the
second through-hole 52 (528, S29).

[0067] Likewise, by turning ON the third switch 10c only (S30), the detector 13 checks electrical conductivity between
the third detecting electrode 35 and the second measuring electrodes 32 (S31) to see the open-close status of the
third through-hole 53 (S32, S33).

[0068] Results of detections on the open-close status at the first through the third through-holes 51-53 are stored in
the storage 15.

[0069] Next, as shownin Fig. 6, the selector 16 selects a calibration curve that matches the sensitivity of the biosensor
2 (S5) based on the open-close status of the first through the third through-holes 51-53. The selection of the calibration
curve is made on the basis of a lookup table like Table 1. For example, if the first and the second through-holes 51,
52 are closed and the third through-hole 53 is open, calibration curve information related to the calibration curve number
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1 is selected.

{0070} Meanwhile, a reference time point is set when the response current value has exceeded the threshold (S3:
YES), and upon passing apredetermined time duration (e.g. 5 through 30 seconds), the controller 14 measures a value
of response current value using the electric current value measurer 12 (S6), for calculation.

[0071] The arithmetic processor 17 calculates a glucose concentration level (S7) based on the calibration curve
information selected by the selector 16 and the response current value obtained for the calculation. The result of the
calculation is displayed in the display 18 (S8).

[0072] Withthe selection of the open-close status of the first through the third through-holes 51-53, the biosensor 2
according to the present embodiment is capable of outputting information correlated to the sensitivity of the biosensor
2. On the other hand, a simple operation of attaching the biosensor 2 makes the analyzing device 1 select a calibration
curve which best matches the sensitivity of the biosensor 2 for use in the analysis of the sample liquid. Therefore, since
the selection of the calibration curve is performed automatically upon attaching the biosensor 2 to the analyzing device
1 at a time of the analysis of the sample liquid, there is no chance where selection of the calibration curve is forgotten.
Thus, it becomes possible to perform appropriate analysis based on a calibration curve which matches the sensitivity
of the biosensor 2. Further, there is no need for forcing the user the burden of selecting a calibration curve.

[0073] Selection of the open-close status on each of the first through the third through-holes 51-53 of the biosensor
2 can be performed, as has been described, based on actual sensitivity measurement of the biosensor 2 and after the
actual measurement. Therefore, the biosensor 2 is provided with information correlated to the sensor. sensitivity which
appropriately reflects the sensitivity of the biosensor 2, eliminating conventional chances that the actual sensitivity of
the sensor is different from forecast. This eliminates a case that the sensors must be scrapped due to inaccurate
forecast, enabling to improve yield and reducing manufacturing cost.

[0074] Next,a biosensor accordingto a second embodiment of the presentinvention will be described with reference
toFig.8.A biosensor 2A shown in Fig. 8 usesthe same elements asin the biosensor 2 according tothe first embodiment.
These elements are given identical alpha-numeral codes, and their description will not be repeated hereinafter.
[0075] In the biosensor 2A, positions at which the first through the third through-holes 51A-53A are formed select
whether or not electrical conductivity is established between the second measuring electrodes 32 and each of the first
through the third detecting electrodes 33-35 when the sample liquid is introduced.

{0076] Inthe biosensor 2A, through-holes 51A, 52A which correspond to the first and the second detecting electrodes
33, 34 respectively are formed near inlets of the first and the second individual passages 61, 62 and closer to the
sample liquid inlet 42 than the ends of the first and the second detecting electrode 33, 34. By contrast, a through-hole
53A which corresponds to the third detecting electrode 35 is formed right above the third detecting electrode 35.
[0077] Therefore, when the sample liquid is introduced, the sample liquid is not introduced into the first and the
second individual passages 61, 62, but the liquid is introduced to the third individual passage 83. Thus, the first and
the second detecting electrode 33, 34 do not become conductive with the second measuring electrodes 32, while the
third detecting electrode 35 becomes conductive with the second measuring electrodes 32 when the sample liquid is
introduced.

[0078] Next, biosensors according to a third and a fourth embodiments of the present invention.will be described
with reference to Fig. 9 and Fig. 10. Fig. 9is an exploded perspective view of the biosensor according to the third
embodiment, whereas Fig. 10 is an exploded perspective view of the biosensor according to the fourth embodiment.
it should be noted that in Fig. 9 and Fig. 10, elements identical with those in the biosensor 2 according to the first
embodiment are given identical alpha-numeral codes, and their description will not be repeated hereinafter.

[0079] A biosensor 2B shown in Fig. 9 has a cover 5B formed with a through-hole 598 through which the sample
liquid is introduced. Correspondingly, a spacer 4B is formed with a through-hole 40B instead of the cutout 40 (See Fig.
3) used in the biosensor 2.

[0080] Qnthe other hand, a biosensor 2C shown in Fig. 10 has a cutout 40C which differs in shape from the one in
the biosensor 2 (See Fig. 1 through Fig. 5). Specifically, a portion serving as a common passage 60C in the spacer
4C has a narrower width. Thus, a capiltary 6C takes a form in which individual passages 61-63 branch out of the
common passage the common passage 60C.

[0081} According to the first through the fourth embodiments, each individual passage has a corresponding through-
hole. Alternatively, the through-holes may be formed only in the individual passages through which the sample tiquid
is to be introduced. In this case, the through-holes are formed at a final step of manufacturing the biosensor.

[0082] Next, a fifth embodiment will be described with reference to Fig. 11 and Fig. 12. A biosensor 2D shown in fig.
41 includes a capillary 6D which has one passage 62D. Ends of the first and the second measuring electrodes 31, 32
and of a first through a third detecting electrodes 33D-35D line up along the capiliary 6D, longitudinally of a substrate
3D. A cover 5D is formed with a first through a fourth through-holes 51D-54D longitudinally of the substrate 3D. The
through-holes 51D-53D can be selectively fitted with plugs 54 depending on the kind of information to be outputted
from the biosensor 2D. In other words, by selectingwhether to fit or not to fit the through-holes 51D-53D with the plugs
54, selection can be made on the distance in the passage 62D to which the sample liquid is introduced.
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[0083] For example, when only the first through-hole 51D is open as shown in Fig. 12A, electrical conductivity is
established only between the first and the second measuring electrodes 31, 32 when the sample liquid is introduced.
Of course, when all of the first through the fourth through-holes 51D-54D are open, electrical conductivity is established
only between the first and the second measuring electrodes 31, 32 when the sample liquid is introduced. Fig. 12b
shows a case in which the first through-hole 51D is closed whereas the second through-hole 52D is open: in this case,
electrical conductivity is established between the secondmeasuring electrode 32 and the first detecting electrode 33D
when the sample liquid is introduced. Of course, when all of the second through the fourth through-holes 52D-54D are
open, electrical conductivity is established between the second measuring electrode 32 and the first detecting electrode
33 when the sample liquid is introduced. Fig. 12C shows a case in which the first and the second through-holes 51D,
52D are closed whereas the third through-hole 53D is open: in this case, electrical conductivity is established between
the second measuring electrode 32 and the second detecting electrode 34D when the sample liquid is introduced. Of
course, when the third and the fourth through-holes 53D, 54D are open, electrical conductivity is established between
the second measuring electrode 32 and the second detecting electrode 34D when the sample liquid is introduced. Fig.
12D shows a case in which the first through the third through-holes 51D-53D are closed whereas the fourth through-
hole 54D is open: in this case, electrical conductivity is established between the second measuring electrode 32 and
the third detecting electrode 35D when the sample liquid is introduced.

[0084] As described above, according to the biosensor 2D, it is possible to have the analyzing device recognize one
of the four kinds of calibration curve information in order to select the target calibration curve, as shown in Tabie 2.

Table 2
Through-hole Open-Close Status Patterns and Corresponding Calibration Curve Numbers
1st Through-hole | 2nd Through-hole | 3rd Through-hole | 4th Through-hole | Calibration Curve No.
Open Close(Open) Close(Open) Close(Open) 1
Close Open Close{Open) Close(Open) 2
Close Close Open Close(Open) 3
Close Close . Close Open 4

[0085] According to the present embodiment, a plurality of through-holes are formed in advance, so that selected
through-holes are closed with plugs. Alternatively, the through-holes may be formed only at selected locations so that
the sample liquid will reach a desired distance in the capillary. Further, in the first through the fourth embodiments, the
individual passages may use a similar arrangement as in the fifth embodiment.

[0086] The presentinventionis notlimited to the embodiments so far described. For example, the'number of through-
holes, individual passages and detecting electrodes in the biosensor is not limited to those illustrated in the drawings.

Claims
1. An analyzing instrument comprising:

a capillary for a sample liquid to move through and stay;

a sample liquid inlet for introduction of the sample liquid into the capillary; and

a liquid introduction controller for a controlled pattern of the introduction of sample liquid into the capillary.
2. The analyzing instrument according to Claim 1, further comprising:

a common passage in the capillary; and
a plurality of individual passages in the capillary connecting to the common passage,

wherein the liquid introduction controller selects for each of the individual passages whetheror not the sample
liquid is introduced therein.

3. The analyzing instrument according to Claim 2, wherein the liquid introduction controller includes one or more
through-holes.

4. The analyzing instrument according to Claim 2, wherein the liquid introduction._controller includes a plurality of
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through-holes,
each through-hole communicating with a corresponding one of the individual passages.

The analyzing instrument according to Claim 4, wherein the liquid introduction controller selects for each of the
individual passages whether or not the sample liquid is introduced therein, by a selection whether or not the cor-
responding through-hole is opened or closed.

The analyzing instrument according to Claim 5, further-comprising a plurality of detecting electrodes each corre-
sponding to one of the individual passages for detection of the introduction of sample liquid into the individual
passage,

wherein each through-hole is right above the corresponding detecting electrode.

The analyzing instrument according to Claim 4, wherein the liquid introduction controller selects for each of the
individual passages whether or not the sample liquid is introduced therein, by a selection of a location at which
the corresponding through-hole is formed.

The analyzing instrument according to Claim 7, further comprising a piurality of detecting electrodes each corre-
sponding to one of the individual passages for detection of the introduction of sample liquid into the individual
passage,

wherein each of those through-holes corresponding to the individual passage to which the sample liquid is
to be introduced is right above the corresponding detecting electrode,

each of those through-holes corresponding to the individual passage to which the sample liquid is not to be
introduced being closer to the sample liquid inlet than is an end on the sample liquid inlet side of the corre-
sponding detecting electrode. ’

The analyzing instrument according to Claim 4, wherein the through-holes are formed in a cover laminated to a
substrate via a spacer.

The analyzing instrument according to Claim 2, wherein the capillary is formed by a substrate, a spacer and a
cover laminated to the substrate via the spacer,

the spacer including a recess for formation of an inner space of the capillary, and one or more projections
extending toward the sample liquid inlet for formation of the individual passages.

The analyzing instrument according to Claim 1, wherein the sample liquid inlet includes a through-hole, the paitern
of introduction of the sample liquid being controlied by a selection whether or not the through-hole is opened or
closed.

The analyzing instrument according to Claim 1, further comprising one or more detecting electrodes each for
detection of the introduction of sample liquid at a location in the capillary,

the liquid introduction controller includes one or more through-holes communicating with the capillary, the
locations in the capillary to which the sample liquid is to be introduced being selected by a selection of locations
at which said one or more through-holes are formed.

The analyzing instrument according to Ctaim 1, further comprising one or more detecting electrodes each for
detection of the introduction of sample liquid at a location in the capillary,

wherein the liquid introduction controller includes one or more through-holes communicating with the capil-
lary, locations in the capillary to which the sample liquid is to be introduced being selected by a selection for each
of said one or more through-holes whether the through-hole is opened or closed.

An analyzing device to which an analyzing instrument is attached for analysis of a sample liquid supplied to the
analyzing instrument,

the analyzing instrument including: a capillary for a sample liquid to move through and stay; a sample liquid
inlet for introduction of the sample liquid into the capillary; and a liquid introduction controller for a controlled
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pattemn of the introduction of sample liquid into the capillary,
the analyzing device including a detector for detection of the pattern of introduction of sample liquid in the
capillary.

The analyzing device according to Claim 14, wherein the analyzing instrument further includes: one or more de-
tecting electrodes for measurement of an electrical physical quantity for detection purpose as necessary informa-
tion for the detection of the pattern of introduction of sample liquid in the capillary; and a measuring electrode for
measurement of an electrical physical quantity for analysis purpose as necessary information for calculating a
concentration of a target component in the sample liquid,

the analyzing device further comprising:

a measurer for the measurement of the electrical physical quantity for detection purpose and the electrical
physical quantity for analysis purpose; .

a storage for storage of information about a plurality of calibration curves indicating a relationship between
the electrical physical quantity for detection purpose and the concentration level of the target component
in sample liquid;

a selector for selection of information about a target calibration curve, from the information about the
calibration curves; and

an arithmetic processor for calculation of the concentration level of the target component based on the
electrical physical quantity for analysis purpose and the calibration curve information selected by the se-
lecting means.

The analyzing device according to Claim 15,

wherein the analyzing instrument further includes: a common passage in the capillary; and a plurality of
individual passages in the capillary connecting to the common passage, and )

wherein the detector detects for each of the individual passages whether or not the sample liquid has been
introduced therein.

The-an_alyzing device according to Claim 16, wherein each of the detecting electrodes corresponds to one of the
individual passages for measurement by the detector of the electrical physical quantity for detection purpose as
information necessary for detecting whether or not the sample liquid has been introduced into the individual pas-
sage.

The analyzing device according to Claim 17, wherein the detector makes a determination for each of the electrical
physical quantities obtained by the measurer through the detecting electrode whether or not the quantity has
exceeded a threshold value, thereby making a determination whether or not the sample fiquid has been introduced
therein for each of the individual passages.

The analyzing device according to Claim 15, further comprising a plurality of switches for individual selection for
each of the detecting electrodes whether to be or not to be electrically conducted with the measurer.

A method of manufacturing an analyzing instrument comprising: a capillary for a sample liquid to move through
and stay; a sample liquid inlet for introduction of the sample liquid into the capillary; and a liquid introduction
controller for a controlied pattern of the introduction of sample liquid into the capillary,

the method including a step of filling selected ones of the through-holes in accordance with the pattem of
introduction of the sample liquid into the capillary.

The method of manufacturing the analyzing instrument according to Claim 20,

wherein the analyzing instrument further includes: a sample liquid inlet for introduction of the sample liquid
into the capillary, a common passage in the capillary; and a plurality of individual passages in the capillary con-
necting to the common passage, each of the individual passages communicating with a corresponding one of the
through-holes in the individual passages, and

wherein the step of filling the through-holes includes closing of those through-holes which correspond to
those individual passages into which the sample liquid is not to be introduced.

A method of manufacturing an analyzing instrument comprising: a capillary for a sample liquid to move through

11
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and stay; a sample liquid intet for introduction of the sample liquid into the capiltary; a common passage in the
capillary; a plurality of individual passages located farther away from the sample liquid inlet than is the common
passage and connected to the common passage; and a plurality of through-hote for a selection for each of the
individual passages whether to introduce or not to introduce the sample liquid there in; the method including:

a step of forming a first through-hole corresponding to the individual passage into which the sample liquid is
not to be introduced, closer to an incoming end of said individual passage for communication with said indi-
vidual passage; and

a step of forming a second through-hole corresponding to the individual passage into which the sample liquid
is to be introduced, farther from an incoming end of said individual passage for communicating with said indi-
vidual passage.

23. The method of manufacturing the analyzing instrument according to Claim 22, wherein

the analyzing instrument further comprising a plurality of detecting electrodes each corresponding to one of
the individual passages for detection of the introduction of sample liquid into the individual passage,

the first through-hole being formed closer to the incoming end of the individual passage than is an end of the
corresponding detecting electrode,

the second through-hole being formed right above the corresponding detecting electrode.

12



EP 1413879 A1

['OId

: : )
1w1ddy a8eyjop| nw“
I ﬁ\ [ JOINSEIA] SN[EA
| . | a1ny ooslg
Jafjonuon A4l ]
1 ~ J0SS3a50ig 01
oMWY
L~
a8eloig 1010913G | | 1010819(]

— ~ —~— Kepdsig
S o el 81~ ~
\\\

.H —

13



EP 1413 879 A1

FIG.2

| / IV*7
32 34 35 5152536263316 9

\ k‘ \ \J

14



EP 1413 879 A1

FIG.3

5

[ /

53 52 51

s

1l

15



EP 1413 879 At

FIG.4

\ 54 51 g4 52 53 5
) ) ) 7
N\\\%7 NZNERNN\\\
A D i ] S
\\\\\L\\”fi( ﬁi\\\\

4 61 33 32‘62 34 35 63

| FIG5
N
5\4 52 | 34

NN \\\N\\\\\X\\\
\m\\\\\\\\.

P
4 41 g ' 31 32'

625536‘60

16’



EP 1413 879 A1

FIG.6
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FIG.7
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